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DESCRIPTION
The study of Galactic Cosmic Rays (GCRs) is significant in 
understanding the potential health risks associated to astronauts 
during extended space missions, especially those involving lunar 
exploration. The presence of high-energy protons and alpha 
particles within GCRs is a significant concern due to their 
ability to penetrate human tissue and cause cellular damage [1]. 
As space agencies like NASA prepare for manned missions to 
the Moon, it is important to investigate how these particles 
interact with the biological tissues of astronauts [2]. This 
communication discusses a multiscale nanodosimetric study 
aimed at understanding the effects of GCR protons and alpha 
particles on the organs of astronauts stationed on the lunar 
surface.

GCRs consist primarily of highly energetic protons (about 87%) 
and heavier ions such as alpha particles (about 12%) and other 
nuclei (1%). These particles, originating from outside our solar 
system, present a significant radiation risk due to their high 
penetration capabilities [3,4]. In the lunar environment, where 
there is minimal atmospheric protecting and no magnetic field, 
astronauts are exposed to higher levels of GCRs compared to 
Earth’s surface. A detailed understanding of how these particles 
interact with human tissues, especially at the molecular and 
cellular levels, is critical for assessing the long-term health risks 
to astronauts, including cancer, cardiovascular diseases, and 
potential damage to the central nervous system.

Traditional dosimetry methods have primarily focused on 
macroscopic or organ-level radiation dose estimates [5]. However, 
these methods do not capture the full complexity of radiation 
interactions, particularly at the nanoscopic level, where 
radiation-induced damage can be more directly linked to 
biological outcomes. Nanodosimetry, a field that connects the 
gap between radiation physics and cellular biology, provides the 
necessary tools to study the nanoscale effects of ionizing 

radiation. This approach allows for the analysis of energy 
deposition at a level that is more relevant to the biological 
processes involved in radiation damage [6,7].

In this study, a multiscale nanodosimetric approach was 
described to investigate the behavior of GCR protons and alpha 
particles as they pass through the organs of astronauts on the 
lunar surface. The study combined both Monte Carlo 
simulations and experimental data to create a model that 
predicts how different organs-such as the brain, lungs, liver, and 
bone marrow-would respond to GCR exposure [8,9]. The 
simulations were run to estimate energy deposition patterns, 
radiation track structures, and the resulting damage at a cellular 
level, while experimental data provided validation of the 
theoretical models.

One of the primary findings of this study is the differential effect 
of proton and alpha particle exposure across various tissues. 
Alpha particles, due to their larger mass and charge, exhibit a 
much higher Linear Energy Transfer (LET) compared to protons 
[10]. This higher LET is associated with more localized energy 
deposition, which can lead to greater biological damage in 
targeted cells. In contrast, protons, though more penetrating, 
tend to cause less localized damage. This difference has 
significant implications for risk assessments, particularly for 
organs such as the brain and bone marrow, where the effects of 
high-LET radiation could be particularly detrimental due to 
their critical functions in health maintenance.

The study also highlights the importance of understanding the 
spatial distribution of radiation-induced damage. By describing 
multiscale techniques, the researchers were able to map out 
radiation-induced damage at the nanoscale level, identifying "hot 
spots" where the greatest levels of energy deposition occur. These 
hot spots are where the most severe DNA damage, including 
double-strand breaks, is likely to happen, leading to the potential 
for mutations and long-term health risks, including cancer.
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CONCLUSION
In conclusion, this study represents a significant step forward in
our understanding of GCR interactions with human tissues in
space, particularly in the context of lunar exploration. By
utilizing nanodosimetry and multiscale modeling, the research
provides a more detailed and accurate picture of radiation risk,
create the path for more effective countermeasures in future
manned space missions. As we prepare for next great leap onto
the Moon, studies like this are significant to ensuring the safety
and well-being of astronauts as they face the challenges of space
radiation.
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